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Abstract
Large socioeconomic inequalities still exist in oral health. It 
is already known that oral health-related behaviour may 
contribute to these inequalities, but why people with a low-
er socioeconomic position behave less healthily is not easily 
understood. A possible explanation that integrates insights 
on health behaviour, stress, and financial resources is the 
pathway of behavioural responses to financial strain. The 
aim of this study was to assess to what extent financial strain 
is associated with clinically assessed caries experience in a 
population-based study of dentate adults, independently of 
other socioeconomic indicators. Furthermore, the potential 
mediating pathways of oral health-related behaviours (oral 
hygiene, dietary habits, preventive dental visits) were ex-
plored. Dentate participants, aged 25–44 years, taking part 
in a survey on oral health and preventive behaviour in the 
Netherlands in 2013 were clinically examined on – among 
others – caries experience (DMFS index) and level of oral hy-
giene (OHI-s index). Financial strain, frequency of tooth 
brushing, dietary habits, attendance of (preventive) dental 
visits in the past year, and demographic variables were as-
sessed via questionnaires. Negative binomial hurdle models 
were used to study the association between financial strain 
and DMFS and between oral health behavioural indicators 
and DMFS. Although it was observed that experiencing fi-
nancial strain did not seem to affect whether there is any 
caries experience or not, among those having any caries 
(DMFS > 0) suffering from financial strain was associated with 
a higher caries prevalence, independent of educational level 
and income. None of the studied potential mediators could 
explain this association. © 2020 The Author(s)
Published by S. Karger AG, Basel
Introduction
Undesired oral health conditions, like untreated den-
tal caries and tooth loss, are very prevalent. They affected 
nearly 4 billion people worldwide in 2010 and accounted 
for a total of 15 million disability-adjusted life years [Mar-
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cenes et al., 2013]. Dental caries may negatively affect an 
individual’s general health and quality of life, causing 
pain, masticatory and eating problems, social stigma, and 
accompanying social and health consequences [Petersen, 
2003]. Oral diseases, with untreated caries being the most 
prevalent (35% of the global population affected [Marce-
nes et al., 2013]), can be found throughout society. How-
ever, people with a low socioeconomic position (SEP) are 
affected by oral diseases disproportionately more fre-
quently [Locker, 2000; Sanders et al., 2006a; Costa et al., 
2012, 2018; Lee and Divaris, 2014; Schwendicke et al., 
2015] and are therefore also affected disproportionately 
by their negative consequences. At the same time, people 
with a low SEP tend to display less attentive health behav-
iour, including oral health-related behaviour such as reg-
ular tooth brushing [Sanders et al., 2005; Gupta et al., 
2015; Sabbah et al., 2015]. It is therefore suggested that 
oral health behaviours may explain the inequalities in oral 
health conditions [Sisson, 2007; Lee and Divaris, 2014; 
Sabbah et al., 2009, 2015]. However, why people with low-
er SEP behave less healthily is not easily understood and 
may rather be an expression of underlying inequalities in 
material and social circumstances than of conscious be-
havioural choices [Sisson, 2007].
Popular explanations of health inequalities state that 
socioeconomic inequalities in health behaviour may be 
influenced by a lack of knowledge or resources. Neverthe-
less, information-related interventions to improve oral 
health do not yield the desired effect and may even in-
crease socioeconomic inequalities [Sisson, 2007]. Fur-
thermore, oral health-promoting behaviours such as 
tooth brushing and limiting the frequency of consump-
tion of fermentable carbohydrates (including sugars) are 
not related to high financial costs. Other mechanisms 
linking SEP to health behaviours and oral health are prob-
ably at play.
A possible – still underexplored – explanation that in-
tegrates pathways via behaviour, stress, and financial re-
sources, is the pathway of behavioural responses to finan-
cial strain. Financial strain is the perceived inability to 
make ends meet with the disposable income (irrespective 
of the cause of this imbalance). Being exposed to constant 
feelings of stress and lack of control related to making 
ends meet negatively impacts health and may affect be-
havioural choices [Kahn and Pearlin, 2006; Tucker-See-
ley et al., 2009]. The “scarcity theory” [Mani et al., 2013; 
Mullainathan and Shafir, 2014] implies that dealing with 
scarcity (such as a scarcity of money) takes up “cognitive 
bandwidth,” i.e., “our computational capacity, our ability 
to pay attention, to make good decisions, to stick with our 
plans, and to resist temptations” [Mullainathan and 
Shafir, 2014, p. 41–42]. This diminished “cognitive band-
width” may affect a person’s vigilance towards oral hy-
giene and oral health in general as well as the use of den-
tal services, which may increase the chances of (untreat-
ed) dental diseases [Sanders et al., 2007]. Furthermore, 
financial strains may cause less-desired behavioural re-
sponses such as an unhealthy diet affecting one’s oral 
health [Shaw et al., 2011; Siahpush et al., 2014].
Therefore, the aim of this study was to assess the extent 
to which financial strain is associated with clinically as-
sessed caries experience (DMFS index) in a population-
based study of dentate adults, aged 25–44 years, indepen-
dently of other socioeconomic indicators. Furthermore, 
the potential mediating pathways of oral health-related 
behaviours were explored, as is visualized in the directed 
acyclic graph in Figure 1. We hypothesized that financial 
strain, independent of SEP, takes up cognitive bandwidth, 
which negatively affects a person’s vigilance for oral hy-
giene, increases unhealthy dietary habits, and reduces the 
use of (preventive) dental services, which in turn increas-












Potential confounding demographics (age, sex)Fig. 1. Directed acyclic graph describing 
the potential pathways from financial 
strain to caries experience.
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The study population consisted of dentate adult participants 
aged 25–44 years taking part in a survey on oral health and preven-
tive behaviour in the Netherlands among Dutch adults in 2013. 
This younger age group was chosen since they all grew up with 
added fluoride to their toothpaste, compared to the older age 
group in the study (45–74 years old). Besides that, the first possible 
consequences of the fact that dental care is no longer part of the 
basic insurance package in adulthood can be seen in the younger 
age groups. The purpose of this survey was to monitor oral health 
and oral health behaviour in adults and describe trends over time. 
Power calculations showed that 250 individuals in the respective 
age groups (25–34 and 35–44 years old) could show a statistically 
significant and clinically relevant difference in caries experience of 
25% in 25–34 year olds and 16% in 35–44 year olds with previous 
results from 2007 (α = 0.05 and β = 0.80).
In the Netherlands, people are obliged to take out a health in-
surance in which a basic package of medical treatment is covered. 
All health insurance companies in the Netherlands were asked to 
provide names and addresses of 25–44 year olds living in ‘s-Her-
togenbosch, a medium-sized city in the Netherlands (approx. 
150,000 inhabitants) that can be considered to be representative of 
the Netherlands in terms of sociodemographic indicators [Statis-
tics Netherlands, 2018a]. A random sample of 3,241 people aged 
25–44 years was drawn from that database, stratified by age and 
SEP of the neighbourhood, to be sure that all cells regarding age 
and SEP would be filled at the end of the inclusion to make a rep-
resentative sample of all 30,049 eligible people.
All of the selected 3,241 individuals were invited by postal letter. 
Upon agreement to participate in this study they returned a signed 
informed consent. Individuals who did not respond were contacted 
in person by trained interviewers who explained the purpose and 
importance of the study. When not found at home, a maximum of 
3 additional attempts were made. Once the required number of 
participants was reached, further recruitment was ceased.
All participants were invited to complete a questionnaire and 
to come and visit a research location in their neighbourhood for a 
comprehensive oral health assessment. Edentulous individuals 
were excluded from the clinical part of the study (n = 8). Respec-
tively, 217 of the 25–34 year olds and 235 of the 35–44 year olds 
both completed the questionnaires and participated in the clinical 
examination. This resulted in a sample of 452 individuals (a re-
sponse of 14%; comparable with the earlier part of the monitoring 
study in 2007).
The research was judged by the Central Committee on Re-
search Involving Human Subjects (CCMO) as not falling under the 
Medical Research Involving Human Subjects Act. Furthermore, it 
was judged to meet all requirements of the Personal Data Protec-
tion Act (approval No. m1501261).
Variables
The assessment of the dependent variable comprised registra-
tion of present carious lesions and any subsequent treatment (res-
toration or extraction). Caries was scored at the dentine threshold 
(D3). Caries experience was described by the DMFS score and its 
components [Klein et al., 1938]. The DMFS score (sum of the 
number of decayed [D], missing [M], and restored [F, filled] sur-
faces [S]) was based upon 28 teeth (third molars were excluded 
because of possible overestimation due to routine removal of these 
teeth in the previous decades). The clinical oral examinations were 
conducted in a mobile research facility using a mirror, a blunt 
probe, a halogen light source, and compressed air. Clinical assess-
ment was performed by a team of 5 experienced and calibrated 
dentists. Approximately 10% of the examinations were repeated by 
a second examiner blinded to the results of the initial measure-
ment. Inter-examiner agreement for DMFS was found to be high 
(Pearson’s correlation coefficient 0.98 and intra-class coefficient 
0.99) [Schuller et al., 2014, 2017].
The main exposure variable was the experience of financial 
strain. Financial strain was assessed by means of a questionnaire 
and asked whether participants had had trouble making ends meet 
from their household income within the past 12 months. Respons-
es were categorized into: (1) no strain at all, (2) no strain, but had 
to watch expenses, or (3) financial strain.
The potential mediators included several indicators for oral 
health-related behaviours. Oral hygiene behaviour was assessed 
via self-reported tooth brushing frequency. Participants were 
asked to state how often they brush their teeth. Responses were 
dichotomized based on the recommendation to brush teeth twice 
a day into: (1) brushes teeth at least twice a day, and (0) brushing 
teeth less than twice a day.
The level of oral hygiene on the 6 index tooth surfaces was as-
sessed using the simplified Oral Hygiene Index (OHI-s) [Greene 
and Vermillion, 1964]. Plaque was scored on a 4-point scale from 
0 (no debris or stain) to 3 (soft debris covering more than two-
thirds of the exposed tooth surface), and subsequently dichoto-
mized into: (1) OHI-s ≥2, to identify those with oral hygiene con-
cerns, and (0) OHI-s < 2.
Dietary habits were assessed by asking participants about their 
breakfast habits and the frequency of food and drinks per day. Par-
ticipants reported the number of times a week they consumed 
breakfast (never, less than once a week, once a week, 2–4 times a 
week, 5–6 times a week [almost daily], daily). Responses were di-
chotomized into: (1) having breakfast 5 or more times a week, and 
(0) having breakfast < 5 times a week. This dichotomization was 
made to distinguish respondents with healthy breakfast habits 
(daily or almost daily) from those with unhealthy breakfast habits, 
since skipping breakfast has been associated with caries [Bruno-
Ambrosius et al., 2005]. The total food and drink consumption 
were calculated based on self-reported frequency of food and 
drinks in the morning, the afternoon, the evening, and at night on 
an average weekday. Consumption of water and coffee and tea 
without sugar were excluded. The number of consumptions were 
summed and dichotomized based on the Dutch recommendations 
[Kruis, 2011] into: (1) food or drink consumption 7 or fewer times 
a day, and (0) food or drink consumption more than 7 times a day.
A proxy for the use of preventative dental services was assessed 
by asking participants when their last visit to the dental clinic was 
for a regular preventive check. This variable was dichotomized 
into: (1) last dental (preventive) visit within the last year, or (0) last 
dental (preventive) visit was over 1 year ago.
In concordance with the directed acyclic graph from Figure 1, 
we included the following covariates, derived from questionnaire 
data: age (in years), sex (male/female), educational level (dichoto-
mized into low education [participants who had primary school or 
lower vocational college as their highest form of completed educa-
tion] and high education [participants who had finished higher 
vocational college or university]), and income (below standard in-





times standard income, and “I don’t want to say”). The standard 
(“modal”) yearly gross income in the Netherlands in 2013 was 
EUR 32,500 [Centraal Planbureau, 2014].
Statistical Analyses
Negative binomial hurdle models were used to study the asso-
ciation between financial strain and DMFS and between the oral 
health behavioural indicators and DMFS. The distribution of the 
DMFS index was strongly skewed with a large proportion of zeros 
indicating individuals with no caries experience. The negative bi-
nomial hurdle model can accommodate this specific distribution 
[Hofstetter et al., 2016]. The first part of the hurdle model models 
no caries experience (zeros) versus caries experience (non-zeros), 
and therefore provides odds ratios. The second part models the 
amount of caries experience (DMFS) within the non-zeros and 
therefore provides rate ratios. The first model (for both parts of the 
hurdle model) explored the association between financial strain 
and DMFS. Models 2a to 2e additionally included each of the oral 
health behavioural indicators. All models were adjusted for age, 
sex, educational level, and income. The variation inflation factor 
was examined to check for collinearity, especially between the so-
cioeconomic indicators and financial strain, but no strong collin-
earity was detected (1.1–2.2).
The mediating role of the measured oral health risk behaviours 
in the association between financial strain and DMFS was checked 
stepwise. First, in mediation models, no exposure-mediator inter-
action should exist. This assumption was checked and not violated 
in our study, although the power to detect interactions in this sam-
ple was low. Second, the association between financial strain and 
the potential mediators was assessed using logistic regression 
models and adjusting for age, sex, educational level, and income. 
Third, the association between the potential mediator and DMFS 
was checked, adjusted for all confounders and financial strain.
Results
Table 1 shows the description of the study sample. A 
total of 21.9% of respondents reported financial strain. In 
total, 68.0% were highly educated and 73.9% reported a 
standard household income or more. The mean DMFS 
was 17.8 with 8.9% having no caries experience at all. The 
DMFS showed a gradient with a higher DMFS when more 
financial strain was experienced. The oral health risk be-
Table 1. Description of the study sample by reported financial strain
Total (n = 438) Financial strain
no strain at all
(n = 168; 38.4%)
no strain, but had to 
watch expenses 
(n = 174; 39.7%)
financial strain 
(n = 96; 21.9%)
Demographic characteristics
Age, years 34.9±5.7 34.1±5.5 35.2±5.4 35.9±6.2
Female 282 (64.4) 106 (63.1) 101 (58.0) 75 (78.1)
Education (highly educated) 298 (68.0) 143 (85.1) 112 (64.4) 42 (44.8)
Income
Less than standard income 68 (15.6) 8 (4.8) 18 (10.3) 42 (43.8)
Standard income 75 (17.1) 14 (8.3) 37 (21.3) 24 (25.0)
1–2 times standard income 150 (34.3) 64 (38.1) 61 (35.1) 25 (26.0)
>2 times standard income 99 (22.6) 68 (40.5) 27 (15.5) 4 (4.2)
Don’t want to say 46 (10.5) 14 (8.3) 31 (17.8) 1 (1.0)
Caries experience (DMFS)
Mean DMFS 17.8±19.6 13.3±14.4 17.7±18.3 25.7±26.4
DMFS = 0 39 (8.9) 20 (11.9) 12 (6.9) 7 (7.3)
Median DMFS 11.0 (4.0–27.0) 8.0 (3.0–18.5) 10.0 (4.0–27.8) 19.0 (7.0–35.5)
Oral health risk behavioural indicators
Brushing teeth (<2 times/day) 99 (22.6) 34 (20.2) 42 (24.1) 23 (24.0)
Breakfast (<5 times/week) 61 (13.9) 17 (10.1) 26 (14.9) 18 (18.8)
Eating/drinking (>7 times/day) 108 (24.7) 36 (21.4) 43 (24.7) 29 (30.2)
Last dental visit (>1 year) 44 (10.0) 9 (5.4) 21 (12.1) 14 (14.6)
Maximum plaque score (OHI-s)
0 114 (26.0) 50 (29.8) 41 (23.6) 23 (24.0)
1 276 (63.0) 100 (59.5) 118 (67.8) 58 (60.4)
≥2 48 (11.0) 18 (10.7) 15 (8.6) 15 (15.6)
Data are presented as the mean ± SD, n (%), or the median (IQR). The DMFS score is the sum of the number of decayed (D), miss-
ing (M), and restored (F, filled) surfaces (S) based upon 28 teeth.
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havioural indicators were prevalent between 10.0% (last 
dental [preventive] visit over 1 year ago) and 24.7% for 
consuming food or drinks more than 7 times a day. The 
majority of the respondents (63.0%) had a plaque score of 
1 at the time of assessment.
Experiencing financial strain did not seem to affect 
whether there is caries experience or not (zero part of the 
hurdle model; Table 2a). None of the potential mediators 
showed a significant association with ever having experi-
enced caries.
Table 2. Hurdle models for caries experience














No strain at all Ref. Ref. Ref. Ref. Ref. Ref.
No, but had to watch expenses 1.35 (0.60–3.02) 1.38 (0.61–3.13) 1.35 (0.60–3.04) 1.35 (0.60–3.02) 1.39 (0.62–3.13) 1.33 (0.59–2.99)
Financial strain 0.95 (0.31–2.92) 1.01 (0.32–3.13) 0.95 (0.31–2.91) 0.95 (0.31–2.92) 0.93 (0.30–2.87) 0.94 (0.31–2.92)
Female 0.81 (0.39–1.71) 0.72 (0.33–1.55) 0.79 (0.37–1.68) 0.80 (0.39–1.71) 0.78 (0.37–1.65) 0.80 (0.38–1.69)
Age (years) 1.11 (1.04–1.19) 1.11 (1.04–1.19) 1.11 (1.04–1.19) 1.11 (1.04–1.19) 1.11 (1.04–1.19) 1.11 (1.04–1.19)
Low educated 5.57 (1.55–20.0) 6.18 (1.70–22.4) 5.88 (1.61–21.6) 5.62 (1.55–20.0) 5.62 (1.56–20.3) 5.86 (1.61–21.3)
Income
Less than standard 1.26 (0.35–4.55) 1.23 (0.34–4.46) 1.29 (0.36–4.67) 1.26 (0.35–4.55) 1.40 (0.38–5.21) 1.25 (0.35–4.53)
Standard Ref. Ref. Ref. Ref. Ref. Ref.
1–2 times standard 1.08 (0.39–2.99) 1.13 (0.41–3.15) 1.10 (0.40–3.05) 1.08 (0.39–2.99) 1.09 (0.39–3.02) 1.08 (0.39–3.00)
>2 times standard 1.29 (0.40–4.12) 1.37 (0.43–4.42) 1.28 (0.40–4.08) 1.29 (0.40–4.12) 1.29 (0.40–4.14) 1.30 (0.41–4.19)
Don’t want to say 1.73 (0.31–9.63) 1.89 (0.33–10.7) 1.72 (0.31–9.54) 1.73 (0.31–9.63) 1.73 (0.31–9.61) 1.68 (0.30–9.37)
Brushing teeth <2 times/day 0.48 (0.22–1.05)
Breakfast <5 times/week 0.74 (0.26–2.14)
Eating/drinking >7 times/day 0.93 (0.39–2.19)
Last dental visit >1 year 0.59 (0.20–1.75)
Maximum plaque score (OHI-s) ≥2 0.66 (0.23–1.89)














No strain at all Ref. Ref. Ref. Ref. Ref. Ref.
No, but had to watch expenses 1.09 (0.87–1.37) 1.09 (0.87–1.37) 1.07 (0.85–1.34) 1.09 (0.87–1.37) 1.09 (0.87–1.37) 1.11 (0.89–1.39)
Financial strain 1.46 (1.09–1.95) 1.45 (1.09–1.95) 1.41 (1.06–1.89) 1.47 (1.10–1.97) 1.46 (1.09–1.96) 1.43 (1.07–1.91)
Female 1.02 (0.82–1.25) 1.03 (0.82–1.25) 1.03 (0.84–1.27) 1.00 (0.81–1.24) 1.01 (0.81–1.25) 1.02 (0.83–1.26)
Age (years) 1.05 (1.03–1.07) 1.05 (1.03–1.07) 1.05 (1.03–1.07) 1.05 (1.03–1.07) 1.05 (1.03–1.07) 1.05 (1.03–1.07)
Low educated 1.55 (1.23–1.94) 1.52 (1.23–1.94) 1.48 (1.18–1.86) 1.56 (1.24–1.96) 1.55 (1.23–1.95) 1.51 (1.20–1.90)
Income
Less than standard 1.24 (0.88–1.73) 1.25 (0.90–1.75) 1.22 (0.88–1.70) 1.23 (0.88–1.72) 1.25 (0.89–1.76) 1.24 (0.89–1.73)
Standard Ref. Ref. Ref. Ref. Ref. Ref.
1–2 times standard 1.17 (0.87–1.55) 1.17 (0.88–1.56) 1.14 (0.86–1.52) 1.17 (0.88–1.57) 1.17 (0.88–1.57) 1.18 (0.89–1.57)
>2 times standard 1.08 (0.77–1.53) 1.08 (0.77–1.52) 1.05 (0.75–1.48) 1.10 (0.78–1.55) 1.09 (0.77–1.54) 1.08 (0.77–1.51)
Don’t want to say 1.27 (0.88–1.85) 1.27 (0.88–1.84) 1.22 (0.84–1.77) 1.28 (0.88–1.85) 1.29 (0.88–1.87) 1.30 (0.90–1.88)
Brushing teeth <2 times/day 1.14 (0.90–1.44)
Breakfast <5 times/week 1.40 (1.07–1.83)
Eating/drinking >7 times/day 0.89 (0.71–1.11)
Last dental visit >1 year 0.94 (0.68–1.30)
Maximum plaque score (OHI-s) ≥2 1.47 (1.09–1.98)
The DMFS score is the sum of the number of decayed (D), missing (M), and restored (F, filled) surfaces (S) based upon 28 teeth. OR, odds ratio; RR, rate 





When examining the count part of the hurdle model 
(Table 2b), experiencing financial strain was significantly 
associated with a higher DMFS in those having any caries 
experience, independent of educational level and income. 
Additionally, having breakfast < 5 times a week and hav-
ing an OHI-s score of 2 or more were also associated with 
a higher DMFS.
Table 3 shows the results for the logistic regression 
models relating financial strain to the oral health risk be-
havioural indicators. Financial strain was not associated 
with any of them. Since this was a prerequisite to further 
explore the potential mediating role of the oral health risk 
behavioural indicators, further mediation analyses were 
not pursued.
Discussion
We hypothesized that financial strain, independent of 
SEP, would increase the risk of dental caries, and that this 
would be mediated by a less attentive level of oral hygiene, 
less favourable dietary habits, and less use of preventive 
dental services. Although it was observed that experienc-
ing financial strain did not seem to affect whether there is 
any caries experience or not, we did find that among those 
having any caries experience, suffering financial strain 
was significantly associated with the DMFS score. This 
was independent of educational level and income. None 
of the studied potential mediators could explain this as-
sociation.
Strengths and Limitations
A main strength of this study was the use of clinically 
assessed DMFS scores from a sample that included people 
who usually do not visit dental services (e.g., due to finan-
cial reasons or dental anxiety). Furthermore, the studied 
sample of adults, all aged 25–44 years, was relatively ho-
mogenous in societal characteristics that could affect oral 
health. They all grew up with full availability of added 
fluoride to toothpaste. Dental treatment was not paid for 
through general resources after their 18th birthday. From 
the age of 18 years dental treatment had to be paid out of 
their own pocket or through voluntary additional insur-
ances.
However, the study should be interpreted in light of a 
number of limitations. First, the study was relatively 
small, resulting in limited power. Even though the group 
reporting financial strain was only small (in numbers) in 
our study, we still observed an association between strain 
and DMFS. A larger study would enable the investigation 
of interactions (e.g., between diet and tooth brushing) 
and subgroup analysis (e.g., those reporting to avoid care 
due to financial reasons) to further explore the potential 
mechanisms underlying the observed relationship.
Second, dental caries was only assessed by visual in-
spection. The use of X-ray photography for research pur-
poses was not approved by the Ethics Committee. This 
could entail an underestimation of the absolute number 
of caries registrations.
Third, the study used cross-sectional associations lim-
iting a causal interpretation of our associations. In this 

















No strain at all Ref. Ref. Ref. Ref. Ref.
No, but had to watch expenses 1.12 (0.64–1.96) 1.29 (0.64–2.62) 1.11 (0.64–1.94) 1.96 (0.82–4.69) 0.73 (0.34–1.60)
Financial strain 1.41 (0.67–2.95) 1.51 (0.63–3.63) 1.61 (0.79–3.27) 1.91 (0.65–5.60) 1.43 (0.57–3.56)
Female 0.41 (0.26–0.66) 0.50 (0.28–0.88) 0.48 (0.30–0.77) 0.27 (0.14–0.55) 0.64 (0.34–1.20)
Age (years) 0.99 (0.95–1.04) 0.99 (0.94–1.04) 1.03 (0.99–1.07) 0.99 (0.93–1.05) 0.99 (0.93–1.04)
Low educated 1.76 (1.02–3.05) 2.37 (1.25–4.51) 1.56 (0.92–2.66) 1.16 (0.54–2.47) 1.99 (0.97–4.08)
Income
Less than standard 0.59 (0.25–1.41) 1.76 (0.67–4.63) 1.01 (0.45–2.25) 5.35 (1.70–16.9) 0.68 (0.24–1.93)
Standard Ref. Ref. Ref. Ref. Ref.
1–2 times standard 1.13 (0.57–2.23) 1.59 (0.66–3.85) 1.25 (0.63–2.47) 1.77 (0.59–5.36) 0.94 (0.38–2.29)
>2 times standard 0.99 (0.44–2.22) 1.26 (0.44–3.67) 1.30 (0.59–2.87) 0.91 (0.23–3.58) 1.06 (0.37–3.04)
Don’t want to say 0.97 (0.39–2.39) 1.30 (0.43–3.96) 0.93 (0.37–2.36) 1.52 (0.36–6.37) 0.50 (0.12–2.01)
OR, odds ratio; CI, confidence interval; Ref., reference; OHI-s, Oral Health Index.
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study we hypothesized the influence of financial strain on 
oral health; however, due to the high costs and large out-
of-pocket expense of dental care in the Netherlands, poor 
oral health may have caused financial strain for certain 
people. There are many causes of financial strain (includ-
ing insufficient income, excessive spending, debts, etc.) 
and the expectation is that, even though dental costs may 
have contributed to financial strain for some, this was not 
the reality for the majority of respondents.
Fourth, participation in the study was low and may 
have been selective. We therefore adjusted our models for 
several important personal characteristics that could have 
affected response, such as socioeconomic indicators. A 
non-response analysis showed no indication for selective 
response [Schuller et al., 2014] but some residual con-
founding or selection (e.g., because of fear) cannot be ex-
cluded. The sample was recruited in ‘s-Hertogenbosch, a 
medium-sized city in the Netherlands that can be consid-
ered representative of the national demographic profile, 
sociodemographic indicators, and health behaviour prev-
alence [Statistics Netherlands, 2018a, b].
Furthermore, by lowering the barrier to participate by 
using a mobile research facility in the participants’ neigh-
bourhood, clinical data could also be obtained from par-
ticipants who usually do not visit dental services, result-
ing in a more representative sample than would have been 
obtained from using clinical data from dental services. 
Edentulous people were excluded from this research. 
Since edentulism is highly associated with socioeconom-
ic deprivation [Roberto et al., 2019], this may have caused 
an underestimation of the association between financial 
strain and oral health.
Interpretation of Findings
We only observed an association between financial 
strain and DMFS in people who experienced caries. So far, 
we are unaware of any other study that investigated this 
particular association, but reviews of socioeconomic in-
equalities in caries demonstrate that caries experience is 
unequally distributed across population groups [Costa et 
al., 2012, 2018; Schwendicke et al., 2015]. Furthermore, 
several longitudinal studies examining exposure to socio-
economic adversity indicate a dose-response effect of so-
cioeconomic deprivation on caries [Sabbah et al., 2015; 
Östberg and Petzold, 2020]. DMFS is a cumulative mea-
sure which can only increase when the duration of unfa-
vourable oral circumstances is prolonged. Experiencing 
any caries or not (DMFS = 0 or > 0) may be the result of one 
or more shorter or longer period(s) of less than optimal 
oral circumstances at any stage in life after the first perma-
nent teeth have erupted. This dichotomous measure is 
therefore less sensitive to structural unfavourable circum-
stances compared to the cumulative count measure. The 
difference in nature of these 2 measures of dental caries 
may explain why we only observed an association between 
financial strain and DMFS in people who experienced any 
caries at all and not for ever experiencing caries.
We did not observe a significant potential mediating 
pathway of oral hygiene behaviour as it was not associ-
ated with financial strain. This could be an indication of 
the absence of this association, but it may also be due to 
the coarseness of the variable indicating oral hygiene be-
haviour: brushing teeth < 2 times/day or not. This mea-
sure does not capture the vigilance of brushing teeth and 
may be susceptible to socially desirable responses. There-
fore, we also included plaque score as a more objective 
measure of oral hygiene. Although the plaque score was 
associated with caries experience, no association was ob-
served with financial strain. Differences in oral hygiene 
alone may not explain the association between financial 
strain and caries experience.
In the current study, the frequency of the consumption 
of food and drinks per day and having breakfast regularly 
were included as indicators for healthy dietary habits but 
neither measure mediated the association between financial 
strain and caries experience. The type of food is possibly 
also important in this relation, but unfortunately no de-
tailed measures were available that could indicate the con-
tents of the diet. In general, lower socioeconomic groups 
buy products that are less healthy [Turrell and Kavanagh, 
2006; Darmon and Drewnowski, 2008; Giskes et al., 2010; 
Pechey et al., 2013]. A previous study indicated that finan-
cial strain may affect what people eat [Beenackers et al., 
2018], although typical cariogenic dietary products were 
not considered. Especially sugar and other fermentable car-
bohydrates are well-known causes of dental caries [Rugg-
Gunn and Edgar, 1984; Burt and Pai, 2001; Bernabé et al., 
2014, 2016] and a sugar-rich diet may therefore be another 
potential mediating pathway worthwhile of further explo-
ration. The interactions between sugar intake and tooth 
brushing (with fluoride) are especially interesting since the 
association between sugar intake and caries is reduced to 
near absence when fluoride is appropriately used [van Lo-
veren, 2019]. A prolonged exposure to a sugar-rich diet in 
combination with a less vigilant oral hygiene may cause 
more caries experience in those exposed to financial strain.
Moreover, having had a preventive dental appoint-
ment in the past year did not mediate the association be-
tween financial strain and caries experience. Dental care, 





health insurance package for adults in the Netherlands. 
All consultations and treatment should be paid for di-
rectly by the patient or by an additional dental health in-
surance plan, mostly only partially covering the costs in-
curred. The association between financial strain, oral 
health, and preventive dental care coverage is complex. 
Previous research has shown that lack of dental care cov-
erage may lead to financial strain in higher-income 
households, who can afford to pay out of pocket, but to 
an unmet need for dental care in poorer households 
[WHO Regional Office for Europe, 2019]. Further explo-
ration of our sample revealed that of those who have not 
visited dental services for a preventive visit in the past 
year, half of the respondents reported that this was be-
cause of financial reasons (uninsured or too costly) and 
the other half reported other reasons. Unfortunately, the 
sample is too small to do meaningful analysis on this sub-
group, warranting further research on this topic to disen-
tangle the influence of the Dutch financing structure on 
financial strain and oral health.
Finally, other pathways could play a role in explaining 
the association between financial strain and caries experi-
ence. A possible pathway could be through elevated cor-
tisol levels [Gomaa et al., 2019]. Financial strain may 
cause elevated salivary cortisol which in turn could stim-
ulate cariogenic bacteria growth causing dental caries. 
Evidence is mostly from studies in children and is cross-
sectional [Tikhonova et al., 2018], while a cumulative ex-
posure to stress across the lifetime and associated cortisol 
levels may be especially detrimental to oral health. A life 
course perspective could provide more in-depth under-
standing of the mechanisms as early life socioeconomic 
conditions may already weaken the teeth, making them 
more prone to disadvantageous circumstances later in life 
[Listl et al., 2018]. More research is necessary to further 
explore the causes of socioeconomic inequalities in health. 
Studies should go further than just exploring health be-
haviours [Sanders et al., 2006b; Sabbah et al., 2009; Watt 
and Sheiham, 2012] since disadvantageous circumstances 
and different choices and opportunities throughout the 
life course, such as exposure to financial strain, may con-
tribute significantly to these inequalities and warrant a 
different approach than targeting individual behaviour.
Conclusion
Encountering financial strain was associated with a 
higher DMFS, independent of educational level and in-
come. Potential underlying pathways should be further 
explored. However, since financial strain has previously 
been linked to health behaviours and health [Kahn and 
Pearlin, 2006; Krause et al., 2008; Tucker-Seeley et al., 
2009; Shaw et al., 2011; Shaw et al., 2014; Siahpush et al., 
2014; Beenackers et al., 2018; Lewis et al., 2018], this joint 
risk factor should be recognized to improve health among 
disadvantaged groups. Combatting poverty and an effec-
tive debt-release program could alleviate financial strain 
and in turn has the potential to improve both oral and 
overall health. More research is also needed to explore the 
role of the current health insurance scheme in the Neth-
erlands on financial strain and inequalities.
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